1. Description of the birth of the universe from nothing in a mixed state. Density matrix instead of the wave function of the universe. 2. The predicition of initial conditions for the cosmological evolution. Cosmological landscape. 3. The elimination of the "infrared catastrophe" in the Hartle-Hawking prescription. 4. Connections with the string theory. TOOLS 1. Classical cosmology. 2. Quantum theory of tunneling : Euclidean quantum gravity. 3. Quantum field theory: renormalization in curved spacetime; effective action formalism. 4. Taking into account of non-local quantum effects due to the presence of quantum fields (radiation).
Σ Σ '
For the pure quantum state (Hartle,Hawking, 1983) the instanton bridge between Σ and Σ ′ breaks down. The radiation stress tensor prevents these half instantons from closure.
The partition function follows from integrating out the field ϕ in the coincidence limit ϕ (Halliwell,Myers,1989)
Density matrix
Γ is the Euclidean effective action.
Conformal anomaly and ghosts
We consider conformally-invariant fields.
),
. Euclidean Einstein static universe.
Quantum effective action has a conformal anomaly.
For a scalar, Weyl spinor and vector field
This anomaly, when integrated functionally along the orbit of the conformal group, gives the relation between the actions on conformally related backgrounds Barvinsky,Mirzabekian,Zhytnikov,1995) .
Higher-derivative terms are all proportional to the coefficient α. The α-term can be arbitrarily changed by adding a local counterterm ∼ g 1/2 R 2 . We fix this local renormalization ambiguity by an additional criterion of the absence of ghosts. The conformal contribution to the renormalized action on the minisuperspace background equals
with the constant m 2 P B which for scalars, twocomponent spinors and vectors equals respectively 1/240, 11/480 and 31/120.
Effective action on a static Einstein instanton
For a conformal scalar field
On-shell value of this action on solutions of classical equations
which via the Pauli-Van Vleck formula yields up to the numerical factor the evolution operator in Euclidean time η 0 -the density matrix
Its trace generates the needed effective action
It equals the sum of contributions of the vacuum energy E 0 and free energy F (η 0 ),
The vacuum energy (an analog of the Casimir energy) on Einstein static spacetime is We should take into account the effect of the finite ghost-avoidance renormalization:
Direct observation: for all conformal fields of low spins
which is equivalent to
Effective Friedmann and bootstrap equations
Full conformal time
The effective action
It is essentially nonlocal due to nonlinear dependence of the free energy term on the conformal time.
Effective Friedmann equation
In the gauge N = 1: a 2 a 2 + B 1 2ȧ
, where the amount of radiation constant C is given by the bootstrap equation
The on-shell effective action
Effect of conformal anomaly and bootstrap
The Friedmann equatioṅ
B has the same two turning points a ± as in the classical case provided a 2 − ≥ B, This requirement is equivalent to
Together with
the admissible domain for instantons reduces to the curvilinear wedge below the hyperbola and above the straight line to the left of the critical point
Numerical analysis shows that the one-parameter family of instantons interpolates between the point on the lower line boundary with parameters The last instanton describes the creation of a static Einstein Universe of the constant size
with the hot gas of conformal invariant field in the equilibrium state with the temperature
For the vector field Outside of the admissible domain for the instantons with two turning points one can construct instantons with one turning point which close at a = 0. Such instantons correspond to the Hartle-Hawking pure quantum states. However, in this case 
Instanton garlands
One can consider multiple instantons.
Nnumerical analysis for k = 2 shows the existence of the one-parameter family of instantons similar to the case of k = 1. It interpolates between the point on the lower boundary of (C, H 
In contrast to the tree-level instantons (Fischler,Morgan,polchinsky,1990 ) the garland action is not additive in k.
The length of instanton families decreases as 1 k 4 . Infinitely long garlands do not dominate the instanton distribution.
Conclusions and further prospects Non-conformally invariant fields ? Perhaps the situation is qualitatively the same due to the (quasi)-staticity of the Euclidean background. How critical is the relation C 0 = B 2
?
This value guarantess that the bootstrap solutions have a lower bound for C exactly coincides with the critical point. Other possibilities:
An infinite sequnce of garlands survives, but the limiting value of η 0 is finite.
The sequnce of garlands is truncated at some maximum number of instanton folds.
The solution C = C 0 , H = 0 has Γ = −∞ and the infrared catastrophe arises. Growing spin of a conformal particle decreases the instanton scale and makes its probability weight higher.
For N fields
The initial radius of the universe grows with the growing spin and number of fields.
